OBJECTIVES: Targeted blood glucose (BG) levels following cardiac surgery continues to be debated. According to the Society of Thoracic Surgeons (STS) guidelines, BG should be kept <180 mg/dl following cardiac surgery. However, our practice and others shifted to a stricter BG control (90-110 mg/dl) based on data suggesting an association with improved outcome. Recently, we conducted a randomized control study that demonstrated no added value to stricter control over liberal control (120-180 mg/dl). As a result, we shifted our management accordingly. The purpose of this study was to evaluate the impact that this change to a more liberal BG management (BGM) had on patient outcomes at our centre.
INTRODUCTION
Hyperglycaemia following cardiac surgery is very common, whether a patient has a history of diabetes mellitus or not. Several studies examining critically ill patients and those undergoing cardiac surgery have demonstrated a deleterious association between hyperglycaemia and clinical outcomes [1] . Therefore, the management of perioperative hyperglycaemia during coronary artery bypass graft (CABG) surgery and all cardiac surgical procedures has been the focus of intensive study in recent years [2] [3] [4] [5] . It was shown that control of glucose could improve patient outcomes and reduce the morbidity associated with the procedure and long-term outcome [4] [5] [6] .
In recent years, a debate evolved surrounding the degree of glucose control to be recommended. Although there is an established consensus related to the negative effect of hyperglycaemia in patients following CABG, the optimal degree of glucose control has not yet been clearly elucidated. The current guidelines of the Society of Thoracic Surgeons (STS) recommend that serum glucose be maintained at less than 180 mg/dl while patients recover in the intensive care unit. The guidelines further specify that a subset of patients who require prolonged ventilation, inotropic support or renal replacement therapy should have a serum glucose goal of less than 150 mg/dl [7] .
Recently, we published a prospective, randomized control study using non-inferiority analyses, which found that a liberal goal (120-180 mg/dl) was not inferior for perioperative morbidity compared with a strict serum glucose target (90-110 mg/dl) in patients undergoing CABG surgery [8] . Based on the results of this trial, the postoperative management of hyperglycaemia was changed at our institution. The purpose of this study was to assess the potential impact of implementing our randomized controlled trial (RCT) results, which suggests a more liberal glycaemic control (120-180 mg/dl), on our cardiac surgical population outcomes.
METHODS
This study was a retrospective cohort study in which all data were collected prospectively between June 2010 and June 2012. The study was designed to allow a comparison of all consecutively operated patients during one full year prior to implementation of the conclusions of our RCT with blood glucose (BG) control at 90-110 mg/dl with one full year following implementation of BG control at 120-180 mg/dl [8] . All consecutive cardiac surgery patients from 1 year prior to the BG management (BGM) change (n = 934; June 2010 to June 2011) and 1 year following the BGM change (n = 927; June 2011 to June 2012) were eligible to be included in the present analyses, except for those patients included in the original RCT study. Data from our local cardiac surgery database were merged with survival information from the Social Security Death Index and the National Death Index. The STS database definitions were used for preoperative characteristics and postoperative outcomes.
Blood glucose management
Following a randomized controlled trial at our institution investigating effectiveness of strict versus liberal BGM, institutional standard of care for post-cardiac surgery BGM was changed in June 2011 from a strict range (90-110 mg/dl) to a more liberal range (120-180 mg/dl) [8] . For all patients before and after the BGM change, continuous insulin drips were managed through a computerized algorithm using the Glucommander™ software and controlled BG during surgery and for the first 72 h after surgery [9] . Target BG ranges are loaded into the software via computer at the bedside, and the algorithm guides staff in the appropriate IV fluids to infuse in order to reach or remain within the target range. Data on hypoglycaemic events and number of BG readings are captured with a software programme.
Statistical analysis
Continuous data are presented as mean ± standard deviation (SD), and categorical data are presented as frequency ( percentage) unless otherwise noted. Patient groups were compared using χ 2 or Fisher's exact test for preoperative and postoperative categorical variables and Student's independent samples t-test or MannWhitney U-test for continuous measures as appropriate, based on parametric test assumptions. Logistic regression was used for multivariate analysis of outcomes. The BGM groups were compared on 1-year cumulative survival using Kaplan-Meier survival analysis. Statistical significance was considered P < 0.05, twotailed. All analyses were conducted using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) or R version 2.10.1 (The R Foundation for Statistical Computing).
To simulate randomization and control for important clinical variables, patients with strict BGM were propensity score matched to those with liberal BGM. Propensity score matching (PSM) was conducted using the MatchIt package within R to improve covariate balance between the two BGM era groups. Propensity scores were estimated using a logistic model and matched between the groups within a calliper of 0.25 propensity score SDs. The factors in the model were determined a priori and included age, gender, diabetes, hypertension, congestive heart failure (CHF), ejection fraction, previous cardiac surgery, creatinine >2 mg/dl, chronic pulmonary disease (CPD), peripheral vascular disease, cerebrovascular disease, angina, body mass index, emergent status, cardiopulmonary bypass time, type of surgery (CABG, valve surgery and Cox maze procedure) and additive EuroSCORE. After matching, covariate balance was improved for all factors (Fig. 1) , and 1692 patients (846 pairs) remained for all analyses described as matched or PSM.
PSM was conducted a second time only within the patients with preoperative diabetes mellitus in the full sample, including 275 strict cohort patients and 244 liberal cohort patients. All methodologies of this PSM were identical to the description above, except that diabetes was not included as a factor in the propensity score model. After matching, the covariate balance was improved and 436 patients (218 pairs) remained for all analyses described as matched in the diabetic sample.
RESULTS

Patient characteristics
The mean age for the entire sample (n = 1861) was 63.5 ± 12.2 years, with 28% female patients. Prior to matching, there were several differences between the cohort groups in comorbid conditions ( Table 1) . The strict target range group had a higher prevalence of hypertension (76 vs 70%, P = 0.002) and CHF (34 vs 25%, P < 0.001) and a lower prevalence of CPD (14 vs 20%, P < 0.001). Also the percentage of patients with certain types of surgery differed by group. Specifically, in the strict target cohort, there were more patients with CABG surgeries (57 vs 50%, P = 0.002) and fewer patients with valve surgeries (43 vs 48%, P = 0.03), although it should be noted that these categories were not mutually exclusive. After PSM, the cohort groups no longer differed significantly on any preoperative characteristics, and balance was achieved across these factors similar to the effect that randomization would have on patient characteristics (Table 1 and Fig. 1 ). In addition, the group of patients who were unmatched after PSM (n = 169) differed from the matched sample only on a few preoperative characteristics, including higher additive EuroSCORE (7.2 ± 3.8 vs 6.2 ± 3.6, P = 0.001), greater percentage with CHF (44 vs 28%, P < 0.001) and greater percentage with CPD (25 vs 16%, P = 0.005). There were no significant differences between the unmatched and matched samples on perioperative outcomes.
Perioperative outcomes
After matching, both cohorts achieved acceptable early outcomes, as shown in Table 2 . Analyses indicated that the cohort with a (13) 121 (13) 109 (13) 109 (13) Previous cerebrovascular accident 74 (8) 66 (7) 62 (7) 61 (7) CPD a 132 (14) 187 (20) 130 (15) 147 (17) Creatinine >2 mg/dl 38 (4) 43 (5) 36 (4) 38 (4) Peripheral vascular disease 91 (10) 76 (8) 77 (9) 70 (8) Previous cardiac surgery 84 (9) 95 (10) 79 (9) 82 (10) Emergent status 69 (7) 73 (8) 64 (8) 65 (8 
ADULT CARDIAC
N. Ad et al. / European Journal of Cardio-Thoracic Surgeryliberal target range did not experience significantly more complications, including deep sternal wound infection (P = 0.13), permanent stroke (P = 0.25), pneumonia (P = 0.49) and operative mortality (<30 days; P = 0.64). There was also no increase in length of stay for the liberal target range cohort, with a median stay of 5 days for both groups (P = 0.82), and readmissions within 30 days were comparable (10% in each group, P = 1.00). The three major reasons for readmission were arrhythmia/heart block, pericardial effusion/tamponade and pleural effusion in both the strict (21, 20 and 7% of readmits, respectively) and liberal (14, 14 and 6% of readmits, respectively) target range cohorts. Despite good matching in preoperative renal function, there was a significant difference in postoperative renal failure (3.5 vs 1.7%, P = 0.02) and renal failure requiring dialysis (1.9 vs 0.4%, P = 0.003), with the lower incidence of these outcomes in the liberal target cohort. Analysis of perioperative complications on the full non-matched sample indicated the same pattern of results across all outcomes, including the positive effect of liberal target range cohort on renal failure (3.5 vs 1.6%, P = 0.01) and dialysis (1.8 vs 0.4%, P = 0.005). Even after adjusting for the type of procedure (CABG, valve and Cox maze), the liberal target cohort had a lower risk for renal failure than did the strict target cohort in both the PSM [odds ratio (OR) = 0.47, 95% confidence interval (95% CI One of the potential risks of a stricter glycaemic control is hypoglycaemic events. Analysing data from the Glucommander™ system for a subset of matched patients (strict = 458 and liberal = 525) indicated that the incidence of severe hypoglycaemic events with BG <40 mg/dl did not differ between the groups (1.5 vs 1.0%, P = 0.41), but the incidence of moderate hypoglycaemic events with BG <70 mg/dl was considerably lower in the liberal target range cohort (13 vs 61%, P<0.001). In addition, continuous assessment of BG levels presents a challenge for glycaemic management. A comparison of the number of BG tests and readings per patient in both groups revealed that the mean number of BG readings required for the strict range cohort was significantly higher than the liberal range cohort (62.4 ± 60.8 vs 53.8 ± 57.2, t = 2.28, P = 0.02). However, there was no difference between the strict and the liberal range cohorts in variability of BG measurements as defined by the SD of BG readings for each patient (28.8 vs 28.5, t = 0.36, P = 0.72).
Perioperative outcomes in diabetic patients
After PSM in the diabetic patients only, both cohorts achieved acceptable early outcomes, as shown in Table 3 . Analyses indicated that the diabetic patient cohort with a liberal target range did not experience significantly more complications, including deep sternal wound infection (P = 1.00), permanent stroke (P = 1.00), pneumonia (P = 0.28), renal failure (P = 0.36), renal failure requiring dialysis (P = 0.18) and operative mortality (<30 days; P = 0.28). There was also no increase in length of stay for the liberal target range cohort, with a median stay of 6 days for both groups (P = 0.97), and readmissions within 30 days were comparable (P = 0.88). In the group of patients with diabetes, reasons for readmissions were evenly spread across multiple categories in both the strict and liberal target range cohorts, with no clear main categories. In the subset of matched diabetic patients with Glucommander™ data available (strict = 115 and liberal = 129), the incidence of severe hypoglycaemic events with BG <40 mg/dl was higher for the strict glucose control cohort, but not statistically significant (2.6 vs 0.8%, P = 0.35), while the incidence of moderate hypoglycaemic events with BG <70 mg/dl was significantly higher in the strict target range cohort (67 vs 15%, P < 0.001). Also, mean BG readings were similar for matched diabetic patients in the strict versus liberal target range cohorts (70.6 ± 59.3 vs 73.3 ± 102.3, t = −0.25, P = 0.80).
Survival
No difference was found in 1-year cumulative survival between the matched BGM era groups (log-rank = 0.70, P = 0.40; Fig. 2A ). The strict group had 1-year cumulative survival of 93.9%, and the liberal group had 1-year cumulative survival of 94.9%. Similarly, in the patients with diabetes, there was no difference in 1-year cumulative survival between the matched BGM era groups (log-rank = 1.50, P = 0.22; Fig. 2B ). The strict diabetic group had 
DISCUSSION
In this study, we assessed the potential impact of a change in the management of glycaemic control at our institute. The change was applied only after a prospective randomized controlled study conducted by us suggested that glycaemic control using a more liberal range of 120-180 mg/dl led to similar perioperative outcomes compared with a strict target range of 90-110 mg/dl following CABG [8] . Our results in this relatively large cohort of patients using a propensity match analysis suggest that the more liberal glycaemic control is not associated with increased perioperative morbidity, and has the same 1-year survival. The strict BG control group showed higher rates of renal failure; however, it showed no increased mortality or morbidity other than that. These findings are somewhat different from other reports from the literature that demonstrated an association between hypoglycaemia and increased complications [10] . The negative role of hypoglycaemia is well documented in recent critical care guidelines published in 2012, where it was suggested that BG ≤70 mg/dl is associated with increased mortality and that even a brief period of hypoglycaemia with BG <49 mg/dl is independently associated with mortality and that the risk increases with prolonged or frequent episodes [11] . The number of BG tests per hospital stay was also found to be significantly higher for the stricter target range group of patients. The significance of this finding is yet to be studied more, as it has the obvious direct impact on cost through working hours and additional tests, but also a potential effect on patient satisfaction. Of importance, we performed the same analysis using PSM for the patients who presented to surgery with diabetic mellitus, using the STS definitions. The results of this subgroup analysis demonstrated the same trends. We find these results very important, as the more liberal range of glycaemic control in this subgroup of patients seems to be associated with the same perioperative outcomes and 1-year survival. These results seem different from the results published by Ingels et al. [6] , suggesting that a strict BG control (80-110 mg/dl) is associated with better survival and quality of life. However, in that particular study, the strict protocol was compared only with a treatment regimen that included intermittent intravenous insulin when BG levels were found higher than 220 mg/dl.
The negative effect of hyperglycaemia on patients following cardiac surgery is well documented [5, 12] . Therefore, the notion of tight glycaemic control that became a standard of care for critically ill patients and was shown to significantly reduce mortality and complications, was applied in cardiac surgical patients [13] . While there has been a consensus regarding the importance of glycaemic control following cardiac surgery, there has been no agreement regarding the degree of BG control that will be associated with improved outcomes and safety [2] [3] [4] .
The STS guidelines recommend the maintenance of BG below 180 mg/dl for all patients following cardiac surgery, regardless of their diabetic status [7] . The recommendation is based on data that associated glycaemic control with reduced perioperative mortality and morbidity, and more specifically less infections and shorter length of stay. The data also pointed to improved long-term survival [7] . Similar to the STS practice guidelines, more recently published guidelines for the use of insulin infusion for the management of hyperglycaemia in critically ill patients recommended glucose control using somewhat the same target range [11] .
The study cohort that was used here comprised two different eras in our patient management after cardiac surgery, the group with the strict protocol (80-110 mg/dl) that was treated a full 1 year prior to the completion of the randomized controlled study, and the group that was treated with the more liberal approach for a full year right after the study was completed and analysed [8] . The transition between a study environment to everyday practice is not always smooth and often would result in different outcomes compared with the very controlled study population. In our case, the transition to the more liberal glycaemic control was shown to be safe and effective through the first 12 months postoperatively. We are encouraged by these findings as we had concerns related to the strict glycaemic control published in the NICE-SUGAR trial [14] . Our current glycaemic control allows the more liberal range (120-180 mg/dl) and is well within the therapeutic range recommended by the STS, the guidelines that were published by the American College of Physicians and the recent critical care medicine guidelines [7, 11, 15] .
Limitations
One limitation of this study is that it was conducted retrospectively and was not a prospective randomized controlled study. Even with a large sample size and the use of PSM to simulate the effect of randomization, these techniques are not a replacement for a randomized study with even distribution of measured and unmeasured characteristics between the groups. However, it is encouraging that the results of the present study taken from everyday practice are in agreement with the results from our previous non-inferiority RCT on strict versus liberal glucose control. We also cannot rule out the possibility that the comparability of outcomes between the cohort groups could be the result of a combination of quality measures that occurred between the two cohort time frames. Specific quality initiatives are not accounted for in these analyses, but results did indicate that the implementation of the liberal glucose target range was not associated with significant worsening in outcomes.
Another limitation of this study could be the generalizability of these findings. Our centre performs 800-1000 cardiac operations each year, and practices rigorous blood and glucose management procedures. It is possible that these findings may not be generalizable to centres that perform fewer cases or have a fewer staff.
CONCLUSIONS
In this study, using a robust propensity score matched analysis, we showed that the implementation of a more liberal glycaemic control of 120-180 mg/dl into clinical practice was not associated with increased morbidity and had the same 1-year survival when compared with a strict regimen. The findings were consistent both in diabetic and non-diabetic patients. There was a significantly higher rate of moderate hypoglycaemic events of BG <70 mg/dl, in the strict glucose control cohort, which did not have a direct impact on morbidity in this study, but should be watched carefully. The present results confirm our prior findings that a more liberal glycaemic control strategy to maintain BG is equal to a stricter target range for perioperative outcome. These findings are significant for patient care and demonstrate the safety and efficacy of practice change for all patients following a successful randomized controlled study.
Surveying the literature about critical care medicine and so on and so forth, we came across the association of hypoglycaemia with interferon and insulin drips, and this is why we went back and looked into the incidence of hypoglycaemia less than 70 mg%.
And variability, when you don't design it to begin with, it would be very hard to retrieve data, which is one of the limitations of a retrospective study, although it is not impossible to look at variability over 60 or 70 sticks per stay and make sense out of it. But I think it's actually a good idea for another study for us.
Dr Takkenberg: Yes. I would take that into account next time. It is analogous to what we see with INRs in patients who are under anticoagulation. It is not as much as the target that you're aiming for, but the variability that you observe in these patients in the measurement.
Dr Ad: Yes. It is easier to manage patients with this more liberal range. It is fewer sticks per patient, so the patients are happier. That's two sticks a day. And I can give you the numbers for the manpower and the hours of labour and tests, so it is a significant cost saving. And maybe, maybe we are really onto something here because there is some association between hypoglycaemia and renal failure.
But the main focus here is that we were, at least in my mind, able to transition from a randomized control study to a clinical setup and actually say, hey, it also works in a nonstudy setup, which is way more controlled. And that's the way I look at it.
Dr Takkenberg: Well, I completely agree with you, but the fun thing about research is that you always find new things to go after. And I think this renal failure may be an important one.
I have one final comment, if you allow me. You give the impression in your paper that propensity score matching is almost as good as randomizing patients, but in fact it's not because it only corrects for those factors that you put into the model, and any unknown relevant factors are not corrected for. And you can see there are still slight differences in your population. And I was wondering why you chose the approach of propensity score matching. Why did you not make a multivariable model and put in your propensity score?
Dr Ad: Well, I think that there are two ways to look at it. But when you get to this number of patients, propensity match analysis is a really strong method that actually puts you in a strong Level B of evidence and a potential for a IIa indication, if we come to some type of conclusion.
So it's always superior to a regular multivariable analysis when you get to a strong propensity matching. Because we have to understand, I mean, I'm not teaching anybody statistics, but in propensity matching analysis, basically you simulate another variable. The propensity matching is similar to one more variable in multivariable analysis, which is, this is what we do.
Dr Takkenberg: Well, I do teach statistics. I know that multivariable analysis, putting your propensity score into that is, in principle, better, as long as you get a nice balance. And your propensity score becomes insignificant in your multivariable model, and you utilize your whole data sets, your entire experience. Now, of course, you have some selection there because you take out of both groups, you take out the outliers; but I can understand from a practical point of view. But I was wondering whether you had considered doing so anyway.
Dr Ad: We submit a paper, and if this would be a requirement, we'll do so. But I think that based on our experience, and we have a very extensive experience, the matching is excellent. And, yes, you have outliers here and there, but do we really have interesting outliers? And that's the question. Now 
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When evaluating a manuscript for publication, an editor considers both the importance of the question studied and the manner in which the study was conducted; the editors have done an excellent job by selecting the work of Ad et al. from the Inova Heart and Vascular Institute for publication in the EJCTS as it scores high on both counts [1] . The issue of postoperative glucose control is of significance from both clinical and regulatory standpoints, given the increasing incidence of diabetes mellitus in the cardiac surgical population and the associated perioperative morbidity, as well as what seems an insatiable appetite for reportable 'quality' measures. With regard to the conduct of the study, it is a model for studies of 'the Science of Healthcare Delivery', as the authors have completed the full cycle of process evaluation necessary for truly continuous quality improvement. This is uncommon. They have shown a disciplined approach to the 'Plan-Do-Check-Act' cycle, having identified an opportunity for practice improvement in glucose management based on the best literature at the time, instituted a rigorous process to accomplish tight control, and checked the results in the most objective and scientifically valid manner, a randomized study [2] . On the basis of the findings, and emerging literature raising concerns, they acted to change that care protocol-and here is the most impressive part in my view-they then entered another cycle to check the results of the more liberal control. The result is a careful and stepwise approach to improving care. We all tend to be attracted to the next new project or question, riding the wave of excitement that comes with the novelty of a new plan or process. It is hard to be disciplined on the back end of 'process improvement', wherein we must evaluate the successes and flaws of our brainchild such that it can be incrementally improved.
